High angular momentum states in 108 Cd were populated via the 64 Ni 48 Ca,4n reaction at a beam energy of 207 MeV. Gamma rays were detected using the Gammasphere array. A rotational band has been observed with a dynamic moment of inertia and deduced lower limit of the quadrupole moment suggesting a major to minor axis ratio larger than 1.8:1, placing it among the most deformed structures identi ed in any n ucleus, to date.
Within the framework of the nuclear harmonic oscillator model one expects the existence of favorable shell gaps that appear regularly as a function of deformation and nucleon number. They are predicted to occur for particular magic numbers and at deformations corresponding to integer ratios of the lengths of the major to minor axes e.g. for superdeformed SD nuclei, with a quadrupole deformation of 2 =0.6, the ratio is 2:1. While more realistic nuclear potentials alter these simple regularities, SD structures 1 with nearly a 2:1 axis ratio have been found in nuclei of the A'150 close to Many of the models that explain SD nuclei predict additional minima in the potential energy surfaces at even larger deformations that correspond to prolate shapes with major to minor axis ratios of about 3:1. These are the long sought for hyperdeformed nuclei, and they are generally predicted to become yrast at very high angular momentum e.g. '80 h in 152 Dy 2 . It is questionable whether hyperdeformed structures can survive ssion since the corresponding barriers tend to be very small at these high angular momentum values. Observation of hyperdeformation would have a profound impact on our understanding of ssion barriers and shape parameterizations, and provide a stringent test of theoretical models.
Calculations by W erner and Dudek 3 for a wide range of nuclei attempted to predict likely regions of super and
The state with the lowest energy for a particular angular momentum is called the`yrast' state. hyperdeformation. A stable secondary minimum at large deformation 2 '0.65 was found for 108 Cd at an angular momentum around 60 h. Also, recent calculations by Chasman 4 , using a cranked Strutinsky method and a four dimensional shape space representing quadrupole, octupole, hexadecapole, and necking degrees of freedom, predict that a region of shape minima at deformations with 2:1 axis ratios or larger exist at high angular momentum in nuclei with A110. In fact, the calculations nd that many n uclei have minima in the potential energy surfaces corresponding to a variety of extended nuclear shapes. The calculated ssion barriers are small at the angular momenta at which these shapes become yrast typically '60 h making it very unlikely that the shapes can be observed experimentally. However, no- Cd the calculations predict a minimum in the potential energy surface corresponding to a shape with an axis ratio of '2.3:1 which becomes yrast at I'60 h. The very extended shape minimum results from a large shell correction for both protons and neutrons at this deformation, which lies intermediate between super and hyper deformation. Moreover, at this deformation h 11=2 proton and i 13=2 neutron orbitals lie at the Fermi surface. These are the intruder states normally associated with superdeformation in the A130 region, and may be regarded as super intruder levels for con gurations in the Cd nuclei. For 108 Cd, the outer barrier to ssion is calculated to be 9 MeV at I=60 h and 6 MeV at 70 h implying that the nucleus at this deformation is stable against ssion and that it should be possible to observe the discrete gamma ray decay of states in this minimum over a range of angular momentum.
Motivated by such considerations we performed an experiment to search for very deformed shapes in Ni. Gamma rays were detected with the Gammasphere array 5 which for this experiment comprised 101 Compton suppressed Ge detectors. Thick Pb and Cu absorbers '0.126 cm and 0.005 cm, respectively were placed in front of the Ge detectors to reduce the number of low energy gamma r a ys that could pass the trigger conditions. A total of '1.310 9 coincidence events, with at least 6 Compton suppressed gamma r a ys, were collected. The o line analysis was helped greatly by the code Blue 6 . The entire dataset, in this case comprising the gamma ray energies and angles of detection for all events passing through a prompt coincidence time cut, were stored in an indexed, energy ordered database on computer disc. This Blue database could be queried to create gated spectra in a few minutes for any combination of chosen gates in any fold. In addition, various E E matrices, and an E E E cube were sorted.
A sequence of mutually coincident, regularly spaced transitions was found and a spectrum is shown in Fig. 1 . The band is in coincidence with known transitions 7 of 108 Cd and, therefore, it is assigned to this nucleus.
The intensity of the new band is estimated to be '1. where x is the ratio of the major to minor axes. Here, we have ignored higher order shape degrees of freedom and the e ects of triaxiality or necking. Fig. 2 also shows the expected rigid body moments of inertia for prolate nuclei with x=1, 3 2, 2, and 3. Taking the average moments of inertia we nd x'1.9 for the band in The moment of inertia is not always a good indicator of the deformation since it is a ected by other factors such as pairing 10 . In an e ort to gain a more accurate estimate of the deformation, limits on the quadrupole moment, Q 0 , can be deduced by measuring the residual Doppler shifts of transitions from states that decay while the recoil nucleus is traversing the thin target 11 . Fig. 3 shows plots of the deduced fractional Doppler shifts, F = 0 , where is the average recoil velocity at which a transition is emitted and 0 is the average initial recoil velocity after the nucleus is formed. The open triangles are the F v alues for transitions in the new band while the open circles are F v alues, obtained in this experiment, for a normal deformed band in 104 Pd 12 . All the F v alues were deduced from analysis of double gated spectra using the di erent detector angles and the errors include systematic e ects associated with di erent gating conditions, backgrounds, and the tting procedure. The uncertainty in determining the initial recoil velocity, 0 , is indicated by the horizontal dashed lines. This represents the combined systematic error assuming both a 1 MeV uncertainty in the beam energy and a 10 uncertainty in the target thickness. For comparison, F curves were calculated using standard stopping powers 13 . Note, an additional systematic uncertainty i s i n troduced through the choice of stopping powers. In the calculations for the new band, side feeding cascades of four levels into the topmost three in band states see inset of Fig. 1 showing the relative intensities along the band were assumed to have the same quadrupole moment and moment of inertia as those of the band itself. For the structure in Fig. 3 . Therefore, the lower limit of the transition quadrupole moment of the new band is taken to be Q 0 =9.5 eb.
For a prolate ellipsoid the quadrupole moment can be related to the major to minor axis ratio, x, b y 15 : , for these nuclei and compare them to those of yrast states across the nuclear chart. Such a plot is presented in Fig. 4 Pb. The solid line shows the dependence assuming 2 A ,1=3 25 . Several of the bands summarized in Table I have large deviations from the ground state deformations, indicating the unusual origin of these structures which reside in an isolated minimum at extreme deformation.
In summary, a rotational sequence of quadrupole transitions has been observed in 108 Cd. The estimated angular momenta imply that states in this band lie between I=402 602 h. The moments of inertia and the deduced lower limit of the transition quadrupole moment suggest a very extended quadrupole ellipsoidal shape of the nucleus, with a major to minor axis ratio, x1.8. This is amongst the most deformed structures ever observed, and it is possible that the band may h a v e a 2:1 major to minor axis ratio as predicted by Chasman. Moreover, calculations of very extended shape minima with low predicted ssion probabilities, as expected in the case of 108 Cd, present a considerable challenge to theory and such studies may point the way to rmer predictions of stable hyperdeformed nuclei, accessible to experimental investigation.
